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AiituAditA/ T j '""T ATOMIC ENERGY 

Authority London, a British Authority, do 
hereby declare the invention, for which we 

*he y merh n H T™ 1 ™?. b< : g^nted to us, and 
the method by which it is to be performed 
o be particularly described in and by the fol- 
lowing statement:— y 

This invention relates to flame photometers, 
and is particularly, but not exclusively, con- 
cerned with photometers suitable for the test- 
in SOt nigh efficiency air filters. 

chS" teS -'? K ^ te r s ' a c,oud of sodium 
chloride particles obtained by solution spraying 
and evaporation to dryness in the air stream 

m^« S , U,t °K thC filter - ' A fl ' ame Photometer 
measures the mass concentration of salt in 
samples from the air flow upstream and down- 
stream of the filter and the ratio of these con- 
centrations expressed as a percentage is the 
penetration of the filter. The salt present in 
the air flow causes a proportional yellow co- 
louration in the flame in the photometer and 
a measurement of the light intensity of the 
flame indicates the mass concentration of salt 
m the air. 

In the conventional forms of sodium flame 
photometers, hydrogen, under controlled pres- 
sure, is supplied to a suitable burner and the 
flame viewed through a sodium interference 
mter and appropriate neutral density filters by 

a PJlOtOmultiolier tn nrrm.'Ho „ A~a~-^- * 
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* . : : — —f"** iu pxvviuc a uene 
a suitable galvanometer. The flame is sur- 
rounded by a glass chimney and the air for 
combustion and/or sodium chloride laden air 
lor analysis is supplied by convection up the 
chimney. Difficulties can arise during operation 
or the flame photometer due to the inherent 
dangers in the use of hydrogen, the necessity 
of using neutral density filters to avoid over- 
loading the photomultiplier and the necessary 
2 tlo T n u of su f h ? Iters to suit the work in 
hand. The calibration of the instrument can 
prove troublesome and the high voltage power 
required for the photomultiplier is disadvanta- 



geous in practice. Furthermore the use of con- 45 
vection to provide air flow in the chimney 
leads to uncertainties as to flow rates and con- 
centrations since the convection depends upon 
several factors which can vary without indica- 
tion i.e. flow rate and pressures in the supply 50 
ducts to the chimney and since in operation, 
a salt laden air surrounds the burner, the exter- 
nal surfaces of the burner can easily become 
contaminated by a salt deposit, requiring time 
consuming cleaning or renewal operations. 55 

According to the invention a flame photo- 
meter comprises a hollow burner arranged to 
project into a transparent chimney, spaced in- 
ner and outer casings surrounding the chimney, 
means for supplying metered quantities of air 60 
and a combustible gas to the burner, means 
tor supplying coolant to the space between the 
inner and outer casings, means to selectively 
introduce to said flame with said air and com- 
bustible gas a metered quantity of a sample 65 
of air containing a substance the quantity of 
which is to be measured, the substance when 
introduced to said flame causing the flame to 
emit light of one or more characteristic spec- 
tral lines, a lens adjacent the chimney, a photo- 70 
electric cell co-operating with said lens to 
measure the light intensity of the flame 
through said chimney and optical filter means 
f etWCe i n ^ C , kns Md said Photo-elec- 



r „„ . , , F«aiug one or more 

of said spectral lines to said light sensitive cen- 
to provide an indication of the quantity of 
said substance in the sample of air 

Preferably light guide means, formed from 
Ihlt ! d .f ans P^t material of frusto conical 
shape is provided between the lens and the 
photo electric cell. 

The burner preferably comprises a hollow 
flat topped cylinder apertured in its upper su£ 
face and the air, combustible gas, and air con- 
taining said substance are supplied through 
ducts to a mixing chamber connected to the 
interior of said burner. 
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To enable the nature of the invention to be 
more readily understood, one embodiment of 
the invention will now be described, by way 
of example only, with reference to the drawing 
5 accompanying the Provisional Specification. 
The drawing shows a diagrammatic vertical 
mid-sectional view of a flame photometer. 

Referring to the drawing the -flame photo- 
meter comprises a hollow burner 1 projecting 
10 into a rectangular glass chimney 2, inner and 
outer metal casing 3 and 4 surrounding the 
chimney, means for supplying metered quanti- 
ties of air and combustible gas to the interior 
of the burner and means for viewing and 
15 measuring the intensity of the flame through 
said chimney. 

The burner 1 comprises a hollow flat topped 
cylinder having a plurality of apertures 5 ar- 
ranged in two lines on its top surface and a 
20 wire gauze 6 located internally below the holes. 
The burner is centrally spigotted into a hollow 
base member 7 and the lower end of the glass 
chimney is scaled to the burner. The inner and 
outer casings 3 and 4 are secured to the base 
25 to provide concentric annular spaces 8 and 9 
around the chimney. Inner casing 3 is open 
at the top and extends above the glass chimney 
and outer casing 4 extends above casing 3 and 
is provided with a light trap 10 at its upper 
30 end. . 

The interior of base member 7 is connected 
to an air/gas mixing chamber 11 into which 
two supply ducts 12 and 13 supply air and 
combustible gas in metered quantities. The 
35 metering arrangements include conventional 
gas flow measuring arrangements 14 and 15. 
A filter 16 under test is shown connected to 
duct 12 and clean air or a sodium salt laden 
air can be passed through the filter and supply 
40 duct 12. It will be appreciated that when in 
operation a quick acting valve (not shown) is 
provided to enable a change over, from sodium 
salt laden air to clean air or vice versa, to 
be made without upsetting the flame. 
45 The flame is viewed through a lens 17, lo- 
cated in the wall of the inner casing 3, by 
a cadmium sulphide cell 18. Cell 18 is located 
in an extension portion 19 attached to the 
outer casing 4. Since cadmium sulphide cells 
50 are heat sensitive the cell is located in an end 
wall 20 of extension portion 19 and a light 
guide 21 interposed between the cell and the 
lens 17. The light guide 21, supported in a 
•housing 22, comprises a polished cone of trans- 
55 parent material., for example, glass or a clear 
acrylic material. The cone gathers light from 
the flame at 2 inches diameter and concen- 
trates it on to the cell at 3/4 inch diameter 
about 6 inches away. A glass heat filter 23 
60 and a sodium interference filter 24 are fitted 
•between the lens 17 and the cone. 

The instrument is cooled by passing a flow 
of air through the annular space 9 from a suit- 
able pressurised supply. The coolant flows via 
65 a supply duct 25 into extension portion 19, 



between fiker 23 and 24 and into the annular 
space 9 via a ring of holes 26 drilled through 
the cone support housing 22 such that a curtain 
of cooling air is directed towards the lens 17. 
Preferably the equipment is maintained at am- /u 
bient temperature. 

The internal electrical resistance of the cad- 
mium cell alters with variation of light inten- 
sity and the change of resistance can be 
measured using a bridge circuit, with a small 75 
mercury battery as power supply and a gal- 
vanometer. . 

The sodium interference filter is fitted be- 
between filters 23 and 24 and into the annular 
tiaily eliminate light of other wavelengths. As 80 
the sodium filter does not completely eliminate 
light of other wavelengths, the* photometer is 
used with clean air, the detector may provide 
an indication generally referred to in the art 
as a " clean flame indication and the bridge 85 
circuit can be balanced for the reading, if any, 
obtained for this clean flame such that an in- 
crease due to sodium in the flame during nor- 
mal operation can be read on the most sensi- 
tive range of the galvanometer. . 90 

It will be appreciated that no neutral density 
filters are required and by using a shunt across 
the galvanometer it is possible to obtain a 
reading of the concentration on the upstream 
side of the filter in an undiluted form without 95 
overloading the galvanometer. If readings go 
beyond the range of the galvanometer the 
bridge circuit can be switched out and a micro 
ammeter connected to the cell in a direct cir- 
cuit to provide greater flexibility. 100 

This arrangement is particularly advan- 
tageous since with the known conventional 
photometers the upstream aerosol is too con- 
centrated to be fed directly to the flame and 
is generally diluted in a series of mixing vessels 105 
forming a calibration circuit before entering 
the burner. . 

The equipment is particularly suited for use 
with methane as the combustible gas but coal 
gas may also be used with advantage provided 110 
the coal gas is supplied under stable conditions 
of flow and pressure, i.e. from a cylinder. 
WHAT WE CLAIM IS : — 
1. A flame photometer comprising a hollow 
burner arranged to project into a transparent H5 
chimney, spaced inner and outer casings sur- 
rounding the chimney, means for supplying 
metered quantities of air and a combustible 
gas to the burner, means for supplying coolant 
to the space between the inner and outer cas- 120 
ings, means to selectively introduce to said 
flame with said air and combustible gas a me- 
tered quantity of a sample of air containing 
a substance the quantity of which is to be 
measured, the substance when introduced to 125 
said flame causing the flame to emit light of 
one or more characteristic spectral lines, a lens 
adjacent the chimney, a photo electric cell co- 
operating with said lens to measure the light 
intensity of the flame through said chimney 130 
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and optical filter means disposed (between the 
lens and said photo-electric cell for selectively 
passing one or more of said spectral lines to 
said light sensitive cell to provide an indication 
of 2? qUaDtlly SaM substance in the sample 
2. A flame photometer as claimed in claim 
ide 616111 substance is sodium chlor- 

10 , 3 - A . ? am « Photometer as claimed in claim 
LZZumI ? WhereiD Iight guide means are 
ekctrk ceH ° " Ud lenS and Said phot °- 

15 i 1>, A ^ 3m t P 1 ™ 40 ""*** as claimed in claim 
iZ ew lL* e 1,ght guide mea °s is fonned 
irom a sohd transparent material which is frus- 
to conical in shape. 

5. A flame photometer as claimed in any 
20 ™™t P^'ng cla ims wherein the burner 
20 comprises a hollow flat topped cylinder aper- 

tured 1D its tipper surface and the air, combus- 

s .nnli^ ?-£ ^ »at^>">g said substances are 
supplied through ducts to a mixing chamber 

25 £ MeC £ ed l r hc interior ° f burner and 
25 flows through the said apertures. 

6. A flame photometer as claimed in claim 
5 wherein a wire gauze is located internally 
below the said upper surface. i«n-uy 

7. A flame photometer as claimed in any 
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one of the preceding claims wherein said 30 
burner is centrally spigotted into a hollow base 
" embe . r an <* *e lower end of a rectangular 
glass chimney 1S sealed to the burner and said 
inner and outer casings are secured to the base 
member. 

8. A flame photometer as claimed in any 5 
one of the preceding claims wherein the cool- 
ant is supplied to the space between said inner 

ELZa? C u SiDgS Via 3 rin S of ""PPJy ducts 
located m the outer casing and adjacent said m 
lens whereby a curtain of coolant is directed 
towards the periphery of the lens. 

iJZ'Jr" K fl3me P b ? tomete «- as claimed in any 
one of the preceding claims wherein the inner 
casing ,s open at the top and extends above 45 
the chimney and the said outer casing extends 

I utl 6 mner Casing and is Provided with 
a light trap at its upper end. 

10 >A flame photometer substantially as 
hereinbefore described with reference to the 50 

11. 'A -flame photometer substantially as 
hereinbefore described for testing the efficiency 
of an air filter. y „ 

S. C: BARTLETT, 
Chartered Patent Agent, 
Agent for the Applicants. 
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